In the liver tissue of newborn mice, xanthine oxidase activity is very low during the first 7 to 14 days of life. Infection of mice with several different viruses prematurely induced xanthine oxidase activity 2-to 10-fold in the liver tissue. Generally, overt signs of illness appeared after xanthine oxidase induction; however, some viruses induced the enzyme activity without causing morbidity or deaths. The elevated enzyme activity could not be correlated with alteration of either lactate dehydrogenase or glutamate-pyruvate transaminase. Likewise, there were no histological changes in the livers of infected animals when xanthine oxidase levels were abnormally elevated. These observations suggest that measurement of xanthine oxidase may be an effective method for the detection of subclinical or inapparent viral infections in either naturally infected newborn mice or in newborn mice inoculated with suspected virus-containing materials.
The enzyme, xanthine oxidase (XO), is normally present in the liver tissue of adult mice; however, in the livers of newborn mice the XO activity was observed to be very low during the first 7 to 14 days of life (9) . It was further observed in these studies that, in liver tissues of newborn mice, XO activity appeared earlier and reached higher levels in conventional, laboratory-reared mice than in germ-free mice. An immediate explanation for the differences was not available. In contrast to XO activities, the activities of glutamate-pyruvate transaminase (GPT) and lactate dehydrogenase (LDH) were nearly identical in liver tissue of the two groups of animals. The normal GPT levels indicate that stress, mediated by adrenal hyperfunction, was absent in both germ-free and conventional mice, and the nearly identical LDH activities further indicated that neither nutritional nor environmental conditions were responsible for the XO variations between the two types of mice.
Notable variations were also observed among different lots of genetically similar germ-free and conventional mice. Such variations suggest that inapparent microbial agents might be involved. Bauer and Bradley (1) reported that viruses increased XO activity in brain tissue of fatally infected adult mice. We have found that several unrelated viruses which caused overt illness induced premature appearance of XO in the liver tissue of newborn mice (Ziegler, Bacteriol. Proc., p. 116, 1966) . Furthermore, Pollard et al. (6) and Walburg and Cosgrove (8) discovered viruslike particles in normal, healthy, germ-free mice as well as in tumor-bearing germ-free mice. These findings suggest that viruses might induce XO activity prematurely in otherwise apparently normal mice.
The present report describes the induction of XO by both inapparent and fatal virus infections in newborn mice.
MATERIALS AND METHODS
Mice. The mice (Mus musculus, ICR/Ha Swiss albino) used in this study were produced in the Lawrenceville animal production facilities of the Communicable Disease Center (CDC), Atlanta, Ga. All conventional mice originated from germ-free stock and were raised in restricted quarters as specific pathogen-free stock. Upon periodic examination, the animals were found to be free of polyoma virus, reovirus type 3, K virus, Sendai virus, mouse hepatitis virus, GD VII virus, and mouse adenovirus and free of antibodies to these viruses.
Homogenate preparation. The mice were sacrificed by cervical dislocation, a procedure which resulted in exsanguination through internal bleeding. To (9) .
GPT determination. The transaminase assays were performed by the method of Henry et al. (3) . Samples of homogenates were added to reaction mixtures containing alanine in the presence of excess LDH and NADH. The substrate a-ketoglutarate was added to the reaction mixture after incubation of the mixture. The procedure and the calculation of the GPT activities of liver homogenates are described by Ziegler et al. (9) .
Histological examination of tissues. The liver tissues were fixed in 10% Formalin, embedded in paraffin, and stained with hematoxylin and eosin. Liver sections were examined by light microscopy for pathological alteration of normal tissue and cell morphology.
Viruses. All viruses used in this investigation were obtained from stocks maintained in the Virology Section of the CDC, Atlanta, Ga. The following viruses Inoculations. The virus-containing materials were diluted in phosphate-buffered saline. All inoculations consisted of 0.03 ml of the diluted viral material injected intraperitoneally, unless otherwise indicated.
RESULTS
Comparison of XO levels in newborn and adult mice. The amounts of XO activity in the liver tissue of newborn mice is very low during the first few days of life, whereas the levels in the liver tissues of adult animals, 21 days or older. are uniformly high. A comparison of the XO activities in "normal" newborn mice with the XO activities in normal adult mice is shown in Table 1 . In mice less than 7 days of age, the activity rarely exceeds 0.5 ,umole per min per mg. In contrast, the XO activity in adult mice reached levels of 1.0 to 2.0 ,umoles per min per mg. Although variations were observed in the XO activities among different lots of mice, the levels in adult mice were consistently twofold or greater than the levels in newborn mice. The normally low XO activities in newborn mice provide a physiological background against which prematurely elevated XO activity may be observed. Thus, newborn mice were used throughout this investigation of the possible role of viruses in the induction of XO.
XO levels in liver tissue of normal newborn mice. Typical patterns of the appearance of liver XO activity in three different lots of conventional laboratory-reared mice are shown in Fig. 1 . At birth the enzyme activity was barely detectable (0.08 ,umole per min per mg x 10-' or less) by the assay system used in this investigation. The level of activity gradually increased during the first 7 days, and the adult levels of XO were usually reached after the 14th day of life.
Generally, the activity in all lots of newborn mice did not exceed 0.6 ,umole per min per mg X 10-I before 14 days of age. However, two homogenates from mice of two different litters in lot B (Fig. 1 ) had specific activities of 0.75 ,umole per min per mg x 10-' and 1.38 ,umole per min per mg X 10-I on day 7, and several of the homogenates prepared from litters of lot C exceeded 0.6 ,umole per min per mg x 10-' before the age of 14 days. In spite of the abnormally elevated XO activities in these animals, none of the mice in these groups exhibited signs of illness. The variation of XO levels among the three lots of mice or among the animals within a single lot could not be correlated with abnormal conditions as determined by visual examination. Induction of XO by virus inoculation. Since it appeared possible that inapparent viral infections might account for the variations in XO activity among different lots of genetically similar mice, a study of the effects of virus infections in newborn mice was initiated. In view of the considerable variation in XO activity observed among litters, it was undesirable to compare virusinfected litters with separate uninfected control litters. Therefore, one-half of each litter was inoculated with virus and the other half received phosphate-buffered saline only, to serve as a control. The enzyme activities of the two groups were determined, and the results were expressed as the ratio of the specific activity of the virusinfected animals to the specific activity of the uninfected animals or the "fold change."
XO induction by several viruses is shown in Table 2 . The virulence for newborn mice varied from acute to benign; however, XO activity induction did not appear to be directly related to the severity of infection.
By 3 days postinfection, twofold or greater elevation of XO activity was observed in all animals inoculated with the viruses with the exception of those which received vaccinia and dilute (1:1,000,000 dilution) Hart Park viruses. However, by 5 days after inoculation, mice inoculated with these two viruses also showed increased XO activity.
Herpesvirus hominis and vaccinia were the only viruses tested which caused apparent illness or death by the 5th day after inoculation. Infant mice inoculated with the other viruses continued to nurse and appeared healthy during this period. However, some additional deaths were observed 7 to 10 days after infection with Nyamanini virus (1:1,000 dilution), dengue virus III, and coxsackievirus B-1.
Mice inoculated with Hart Park virus and Nyamanini virus (1:10,000 dilution) showed increased XO activity by 3 GPT, glutamate-pyruvate transaminase; LDH, lactate dehydrogenase.
bEach value is the mean of the enzyme activities of four homogenates, each prepared from separate litters. the 5th day postinoculation; however all homogenates from infected animals possessed increased XO activity by 5 days after inoculation. Even at 2 days after inoculation, only two litters failed to exhibit elevated XO levels; at this time all animals appeared normal and healthy.
During each of the sampling periods when XO was elevated, GPT Histological examination of liver sections prepared at intervals corresponding to the XO determinations failed to reveal consistent cytological alterations which could be correlated with XO induction. Some of the infant mice appeared to have slight depletion of hematopoietic tissue. However, both virus-infected animals and control animals presented this condition. Therefore, it is unlikely that a causal relationship involving virus infection existed. Likewise, the slight depletion of the hematopoietic blast cell cannot be correlated with the induction of XO.
Some of the animals which were inoculated with the highest concentration of virus failed to grow as rapidly as the uninoculated control animals. In spite of the gross difference in the rate of growth in these animals, there were no consistent differences in the histological appearance of the tissue sections of liver tissue. (Table 2 ) within 3 to 5 days after inoculation indicated that the inductive capacity was not necessarily related to specific virus groups; probably any virus which will infect suckling mice will prematurely induce XO activity.
DISCUSSION
The studies with coxsackievirus Bi (Fig. 2 ) confirmed that the time of XO induction was related to the amount of virus inoculated into the mice. The most rapid induction of XO activity occurred after inoculation of the greatest concentration of virus; however, it was observed that overwhelming viral inocula caused deaths before maximal XO levels could be attained. It was apparent that some viruses induced XO activity more rapidly than others. Vaccinia virus required 24 to 48 hr longer than Herpesvirus hominis to induce XO activity.
All of the viruses tested induced XO before signs of illness appeared, indicating that the marked increases in XO activity were not the direct result of an easily discernable pathological state. In fact, no significant pathological changes in the liver tissue were evident in histological sections prepared from virus-infected mice. Even liver tissue excised from prostrate animals, near death, failed to exhibit significant histological findings. Although it is possible that more subtle changes could have been present, neither histological examination of liver sections nor LDH and GPT studies with liver homogenates revealed liver tissue damage.
The induction of XO activity in the absence of liver tissue damage in virus-infected mice suggests that the altered XO levels were a consequence of the virus-host interaction at a site remote from the liver. If, in the course of virus replication in mice, host cells were destroyed, degradation products of host materials would be transported to the liver for detoxification and elimination. Examples of expected degradation products would include purine compounds which might be inducers of XO activity. This possibility is supported by the investigations of Spadoni and Ticci (7) who caused the appearance of XO in the livers of 14-day-old rats by the injection of xanthine. Related investigations reported by Della Corte and Stirpe (2) described enhancement of XO activity in chick livers by the administration of inosine. Virus-host interaction at a site other than the liver, with production of degradation products, could account for the premature XO induction by virus infections, whether the virus caused obvious morbidity or merely resulted in an inapparent infection. The present investigations suggest that measurement of induced XO may be an effective method for detection of subclinical or inapparent viral infections of newborn mice during the period when liver XO activity is normally absent or very low.
